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EDWARD NEFF 
ABSTRACT 
Reconstitution characteristics of food powders form a major 
determinant of consumer acceptance , particularly with the trend to 
instant foods . A working theory has been p roposed to explain the 
mechanism of dispersion of any soluble food powder . 
A study was made of methods which may be employed to modify 
reconstitution chara cteristics. No significant improvement in the 
dispersibility of Non Fat Dried Milk (NFDM) could be achieved by a 
compression/repowdering process even though the par ticle density and 
porosity of the p owder could be increased by this technique. When 
applied to s p ray dried inst ant coffee such process of compression, up 
to 150 ps i, result ed in a small improvement in dispers ibility while 
at the same time achieving a marked increase in the bulk density of 
the p owde r. The significance of this observation with regard to 
potential saving in packag ing volume has been discussed . 
The most significant improvements in reconstitution 
chara cteristics of NFDM were achieved by a rewetting/redrying process . 
A granulation technique is described which has been successfully 
employed to simulate commercial instantising of powders . By means 
of this granulation technique it has been shown that by far the most 
important factors in agglomeration influencing the properties of the 
resultant "granules" are : 
1. Rewetting moisture content at which granulati on is achieved 
prior to redrying; 
2. Particle or granule size of the final product . 
Optimum conditions for NFDM have been determined to be 
11-12% rewetting moisture and a mean particle size of 2oo;u. This 
granulation technique has also been employed to study the effect of 
additives at a gglomeration upon reconstitution properties of NFDM . 
Several commercial processes are in use, and are covered 
in patents , for the purpose of instantising NFDM and other food 
powders . Des pite this, however , no study has p reviously demonstrated 
the critical nature of certain vari a bles in this p rocess as clearly 
as has been done in this study . 
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I . INTRODUCTION 
It cannot be disputed that the trend today is towards 
instant and convenience foods . At the same time there has been 
considerable expans ion in the s pray drying of food powders ; in 
par ticular , in the dairying industry the last few years has seen 
the installa tion of a large number of high capacity spray drying 
p l an ts both in Australia and New Zealand . One of the problems , 
however , i s that many of these conventionally spray dried powders 
among them Non Fat Dried Milk ( NFDM ) possess poor reconstitution or 
dispersibility characteristics . This has p revented widespread 
1. 
acceptance of such p owde rs as a household item and has restricted the 
development of new markets . As an example it may be point ed out that 
by far the major portion of the market for milk po wde rs still relies 
on industrial recombining and reconstitution facilities and sale of 
the liquid products. This obvious ma rket prejudice against powde rs 
must be, at least in par t, due to poor dispersibility characteristics . 
It is the aim of this study to examine more clo~ely factors associated 
with dispersibility or reconstitution properties of powders . 
Taking again spray dried NFDM as an example it must be 
emphasised that this possesses excellent ultimate solubility . For 
example , A. D. M. I . standards for Extra Grade NFDM require a solubility 
index of not greater than 1 . 25 ml . This is equivalent to a 
solubility of greater than 96% . The p roblem , therefore , lies not 
with ultimate solubility but with its instant solubility o r 
dispersibility , as would be encountered by a consumer attempting t o 
2. 
reconstitute NFDM with water . Admittedly, the dispersibility of 
NFDM is not the prime consideration when referring to reconstitution 
on a large scale as is the case in commercial recombining plants in 
opera tion in South East Asia. But , dispersibility of a food powder 
still remains a major quality at tribute where reconstitution is to be 
performed by the consumer immediately before use . In view of the 
trend to wards instan t foods, therefore, a be tte r understanding of 
dispersion of food powders i s paramount to t echnolog ical progress in 
t his field. 
Evidence s uggests tha t the d i spersibility chara cteristics 
of a powder are ass ocia t ed mainly wi th phys ical properties . This is 
s uggested by the f a ct that a conventionally spray d ried NFDM of poor 
dispersibility can be converted to an "instan t" p owde r by an 
agglomeration p roce ss involving rewetting and redrying to p roduce a 
po wd e r o f increased particle size. 
Resear ch on reconstitution cha r a cteristic s o f fo od p owders 
has been examined in three s e ctions : 
(1) Characterisation of Typical Food Powde rs 
This includes the development of test methods to allow 
chara cterisation of powders culminating in the p ostulation of a 
working theory of the mechanism of dispersion of any food powder . 
(2) Effect of Non- Rewetting Processes Upon Dispersibility 
This examines possible techniques which may be employed 
t o modify reconstitution characteristics without requiring a 
rewetting operation . 
(3) Effect of Rewetting Processes Upon Dispersibility 
This examines a rewet ting process, as in commercial 
instantising, employed to improve the dispersibility of NFDM . 
II. METHODS OF ANALYSIS 
A. LITERATURE REVIEW 
Analytical t e chniques were required for the determination 
of dispersibility charactersitics of a powder and a lso phys ica l 
p roperties such as dens ity , particle size, et c. Comparat ive ly 
little di fficulty was encountered in the selec tion of techni ques for 
the measurement of phys ical properties. However, the e v aluation 
of dispersibility cha r a cteristics proved to be a more elusive task. 
The difficulty in des i gning an objective te s t of 
dispersibility, or ease of r e cons titution, i s best i llustrated by 
reference to a review by King (1 966 ), wherein s cores of tests are 
desc ribed wh ich have been employed for such evaluation of milk p owde rs. 
King (1 966 ) c a te goris es these tests as 
(a) De termina tion of wet t ab ility; 
(b) De termina tion of self-dispers ion and of dis persion a t low 
energy stirring; 
(c) Determination of sinkability. 
These divisions seem r athe r artificial since sinkability 
will be influenced by wettability , as will self- dispersion . It was , 
therefore, decided to examine the tests in perspective to consumer 
requirements for a powder . It was soon appreciated that no one test 
4. 
would fully evaluate ease of reconstitution as judged by a consumer. 
Resigned to the fact that at leas t two test methods would be required 
it was decided tha t the two most important factors in evaluating ease 
of dispersion are : 
(i) Sinkability 
i.e. disappearance of powder from an unagitated water surface; 
(ii) Dispersibility 
i.e. ability of powder to disperse when mixed with water in 
a manner compara ble to recons titution by consumer. 
In searching for a suitable sinkability test a technique 
was desired which would give a meas ure of the ability of a p owd e r to 
disappear from a quiescent water surfa ce. Re ports of such t ests 
include Kleinert (1950); Ash worth and Gunth a rdt (1954); Ma ther and 
Hollender (1 955); Baker and Be rtok (1 959); Bullock and Winder (1960); 
and Radema a nd van Dijk (1962) . These worke rs all describe tests 
involving the s p rea ding of v a rying amounts of milk p owder on the 
surface of water and measuring the solids passing into "solution" at 
varying intervals either by direct sampling and solids d e t e rmina tion 
or by photometric measurement. Muers and House (1962) describe a 
method of spreading a sample of milk powder on a quiescent water 
surface and measuring the time for complete wetting . Mol and 
de Vries (1962) describe a technique for continually feeding a stream 
of milk powder onto a stream of water and measuring the reflection 
from the surface of a light beam to give an index of wettability . 
Many of these tests appeared cumbersome and the major 
problem appeared to be in achieving a uniform distribution of powder 
onto a quiescent water surface . For this reason a sink.ability test 
was developed for the purpose of this research . 
The proble m of designing a suitable dispersibility test to 
evaluate the ability of a p owder to redisperse to a flui d milk has 
been we ll discussed by Stone (1955) . He describes the development 
of a dispersibility test wherein 52gm of p owder are mixed with 400ml 
of water i n a Hob a rt kitchen mixer . I n t his instance, rotation of 
th e agitator was contro lled at 135 r pm and continued for varying 
periods of 10- 40 seconds . Upon com p letion of stirring , the 
reconstituted milk was drained from the bottom of the mixing bowl 
and passed through a 2 10/u screen before determina tion of total so lids 
of an aliquot . 
Moats et al (1959) modified this t est by v a rying the speed 
of rotation and reducing mixi ng time to 5 seconds, claiming that t h is 
gav e better sens itivity . They also employed a hydrometric method 
to determine the solids d i spersal. 
The American Dry Milk Ins titute (A . D. M.I . ) adapted the 
dispersibility method of Stone et al (1954) , to the testing of instant 
Non Fat Dried Milk (NFDM) . A. D. M. I . specify the mixing of 52gm of 
0 powder with 400ml of water a t 75 F for a period of 20 seconds , using 
a speed of rotation of 192 rpm . It was decided to adap t this test 
for dispersibility evalua tion in this research . Since a Hobart 
kitchen mixer was not available , some modifications were necessary 
to the A. D. M. I . procedure . 
6. 
B. PROCEDURES 
(i) Sinkability Index (Original Method) 
As mentioned previously, the major problem with all reported 
methods (va riously called sinkability, self-dispersion, or wettability) 
involved the placing of a sample of powder uniformly onto a quiescent 
water surface. The procedure here adopted may best be described 
by reference to Figure 1. 
A sintered g l ass funnel i s rigid ly moun ted on a stand and a 
2 d isc of filter paper i s cut to 6cm diameter (28 .2cm area), so as to 
just fit on the sintered glass p l ate of the funnel. A k nown weight 
of p owde r i s then p l aced onto the filter paper and carefully spread 
to a uniform laye r by means of a fine brush . The fil ter paper is 
next he ld down onto the sintered p l ate by means of t wo wire clips. 
0 Wa t e r, a t 75 F, fro m a thermostatically controlled e l evated tank is 
then c a r efu l ly allowed t hrough the bottom of the funnel by opening the 
pinch clamp on a connecting rubber tubing. This allows t he p owde r 
sample to be floated on the surface of the water without causing any 
disturbance of the s urfa ce, while maintaining a uniform distribution 
of powder on the surface . The time required fo r all the powder to 
disappear from the surface is measured; whether this be by self-
dispersion or sinking without dispersion . 
This technique, therefore, makes possible the determination 
of the time required for a weight of powder to disappear from a water 
surface. This information alone is not sufficient to compare 
different powders since there will not be a linear relationship 
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between the loading of the water surface and time for complete 
disappearance . Therefore , times for sinking are measured for 
different weights of powder so as to allow the plotting of results as 
in Figure 2 . Then , in order to compare different powders the weight 
sinking in 20 minutes is interpola ted from the graph a nd the 
sinkability index is expressed as mg of powder sinking per minute 
pe r square cm of area, (i . e . mg/min.cm2 ) . 
Typical plots obtained for several powders are shown in 
Fig ure 2 . It may be noted tha t this method is applicable to any food 
powder , not necessarily milk p owder . 
(ii) Dispersibility (Modification of A. D. M, I. Me thod) 
It was decided to adapt the A. D. M, I . t echnique for the 
determination of dispersibility of Instant NFDM as closely as pos s ible 
usin6 appara tus available lo cally . 
Since a Hobart mixer was not a vailable , the mixer chosen 
was a Kenwood "Chefette" . Tests were first car ried out with 
different shaped bowls and beakers, different mixing spe eds and 
different mixing times . The A, D. M. I . method requires the mixer t o 
be hinged so as to allow the beaters to be lowered into the bowl . 
It was first thought that the Kenwood mixer could be manually raised 
and l owered vertically on a laboratory stand . Another fact o r . 
concerned the use of one or two beaters in mixing . The A. D. M. I. 
method employs one large whisker- type beater . However , the Kenwood 
mixer possesses two smaller beaters which may be used singly or 
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together . These factors had to be determined and reproducibility 
tests were carried out as each technique was improved . Reproducibility 
was determined by carrying out 10 dis persibility determina tions on the 
same sample of Niro NFDM . 
tabula r form in Table 1 : 
These results are best p resented in 
TABLE 1 
Re p roducibility of Dis persibility Test 
Details of Proc edure No . of Me an Standard 
Tests Value Devia tion 
1 • Using 1 be a ter, ma nually 10 41 . 1¼ 11.3 
raising a nd lowe ring mixe r 
vertically, mixing 350 rpm/ 
20 se conds. 
2 . Using 2 be a ters, mixe r hinged 10 32 . 5% 1. 9 
for raising a nd lowering , mixing 
175 r pm/20 s econds. 
3. Using 2 beate rs,etc. as for 2, 10 3 5 .0% 1.8 
bowl more rig idly fixed a nd 
op era tion s tre amlined. 
As can be seen the va ria tion in the test was eventually 
reduced to a standard deviation of 1 . 8 which was conside red satisfactory . 
The procedure employed may be described by reference to Figure 3 . 
The Kenwood mixer is clamped in position using a laboratory 
clamp and stand in such a way that it can be raised and lowered 
about a fulcrum as shown . A stop is provided to allow the mixer to 
be lowered to the same position consistently . Two beaters are fitted 
to the mixer and these are adjusted to rotate at 175 rpm by means of 
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a 11 variac 11 variable voltage control, in the power supply to the 
mixer . Adjustment is made by means of a tachometer and it was found 
necessary to adjust the setting immedi a tely before each test. The 
mixing bowl* is placed in position and can easily be removed and 
re p l a ced to the same position by means of a¾" hose connector assembly, 
one part of which is brazed to the bowl, the other being held in 
position by a connecting arm to s tand. The bowl is fitted with a 
¾" O. D. outlet tube which can be closed off by means of a pinch 
clamp ov e r rubb e r tubing . Below the bowl is arranged a Buchner 
funnel and flask as shown . A disc of 21o;u screen (70 mesh) is held 
in the funnel by means of a rubber 11 0 11 ring. 
In the t es ting of powder samples a proc edure similar to 
that of A. D. M. I . is followed. Three hundred ml of water at 75°F is 
placed into the bowl and 39gm of p owder is transferred to the surface 
of the water . (This is in the same propor tions to the A. D. h .I. 
method where 400ml and 52gm , respectively , are employed) . The mixer 
is then turned on, rotation being 175 rpm, and lowere d into the bowl . 
Ag ita tion is continued for 20 seconds , after which the beaters are 
left in their position in the bowl . The pinch clamp on the outlet 
of the bowl is then opened to release the contents onto the 70 mesh 
screen . The s creened liquid is collected in the filter flask and 
diluted to 500ml . Two 10ml portions are then transferred to two 
we i ghed aluminium dishes , evaporated to dryness on a steam bath and 
dried at 102°c/3 hours . This allows the weight of solids dispersed 
to be calculated . This is expressed as percent dispersibility . 
• A'Dissco'', size 5 , stainless steel bowl was employed, manufac tured 
by Dunedin Stainless Steel Co.Ltd, 33 Creswell Street , Dunedin, N. Z . 
13. 
It was found , after testing many samples, that this method 
is in fact more sensitive than the A. D. M.I. method . Reports in the 
literature , Tamsma et al (1965), Hanr ahan and Kontson (1 965) suggest 
that the A. D. M.I. method continua lly g ives a dispersibility fi gure of 
ab ove 90% for instant milk p owde rs. This makes it very difficult to 
attach any significance to changes in dispersibility between 90 and 
100 pe rcent. This modif ied method , howe v er , would appear to be 
more sensi tive i n this re spect since the h i ghest dis persibility figure 
obta ined wi th a commercial ins tant NFDM was 69% . 
(iii) Solubility Index (Standard Me thod) 
Although many objections have been raised at the A. D. N. I . 
me thod of solubility index determination , Steen (1 96 2); van Kreveld 
and Verhoo g (1963), it still remai ns the most wi dely a ccepted method 
toda y. Th e r e for e , it seemed r eas on ab l e to follo w this method as 
closely as p ossible . 
The only variation necessary to the A. D. M.I. method was 
with regard to the s pe cial mixer which was not available locally. 
This was ove rcome by employing the liquidiser atta chment toge ther 
with a Kenwood "Chefette" mixer. Steen (1962) describes the A. D. M.I. 
mixer as having an impeller speed of 3,400 rpm. The Kenwood mixer 
was adjusted to this speed by means of a "variac", variable voltage 
control, in the p ower supply to the motor. Due to the dimensions 
of the liquidiser atta chme nt , it was more convenient to mix 20gm of 
NFDM (or 26gm of Full Cream Dried Milk ( FCDM )) wi th 200ml of water. 
The A.D.M.I. method specifies 10gm of NFDM (or 13gm of FCDM ) with 
14. 
100ml of water . 
In all other respects the A. D. M.I. method was adhe red to. 
The solubility inde x is expressed as ml of sediment . 
(iv) Moisture Co nten t (Standard Methods) 
For the s ection of experimental work dealing with the 
characterisation of food powders , moisture determinations we re carried 
out by the Toluene Di sti llat ion method as specified by A. D. M.I. 
Care was taken to extend the distillation time until the reading in 
the moisture trap remained cons tant . Thi s p r ecautio n will be 
apprec i ated by reference to Choi et al (1948) who show that wa t e r of 
crystallisation requires an extended distillation time if it is to be 
desorbed . 
For the section of work dealinb with rewetting pr ocesses , 
an oven drying moisture determination was employed . We ighed samples 
we re dried in a fan ass isted air oven at 102-103°C/3 hours . 
All moisture contents are expressed on a "wet we i gh t" basis. 
(v) Bulk Density , Particle Density, Porosity 
King (1954),(1965) reviews fully the physical structure of 
dried milk , including references to methods of determina tion. 
Briefly , particle density of a powder will be a finite 
value repre s enting the density of particles excluding voids between 
particles . Bulk density and porosity on the other hand , will be a 
function of packing of the powder mass . It is common, therefore, to 
evaluate bulk density as : 
1. Tapped Bulk Density 
i.e . powder mass is s ubjected to a standard compaction 
tre a t men t; 
2 . Loos e Bulk Density 
i . e . powder mas s not compacted . 
Tapped bulk dens ity was determined b y we i ghing app roximately 
70ml of p owder into a 100ml measuri ng cylinder and giving this five 
sharp taps before re ading the v olume of po wde r . Tapped bulk dens ity 
is expressed as gm per cc. 
Par ticle density , loose bulk density and poros ity (loose), 
were de t ermined by the method of Beckett e t al ( 1962) . This me thod is 
a liquid displacement method employing hexane as a low specific gravity, 
inert l i quid . The me thod is eas ily applied to NFDM and powde rs other 
than NFDM providing thei r par ticle density is above 0 . 8gm/cc. In 
the case of less dense powders the me thod could still be employed for 
de t ermining par ticle density by u se of a wi re gauze dis c soldered to 
a piece of wire which could be used to subme r ge all particles in the 
h e xane . It should be noted tha t Beckett et al (1962) do not give 
details of porosity evaluation . However, it is soon realised that 
porosity can be obtaine d from this method since : 
Percentage Porosity = 100 - Percentage of Bulk Volume 
Occupied by Powder Particles 
Porosity is exp ressed as cc of void per cc of bulk 
powder (loose) . 
16 . 
(vi) Particle Size 
Methods which may be us e d for particle size measurement are 
we ll d i scussed by Irani and Clayton (1 963 ). For spray dried powders 
such as NFDM s ieving te chniques present di ffic ulties ; o the r 
al t e rna tives being sedimentat ion t e chniques and microscopy. 
The me thod finally ad op t ed is based on a micros copic 
t e chniqu e as described by Janzen et al (1953). 0 .2gm of powder is 
mixe d wi t h 5ml of par affin oil and a drop of this is p lac e d on a 
mic r os co pe sli de and c overed wi t h a cover s lip. Measurement is mad e 
wi t h an ocular d i s c c a librated a 6 ainst a stage micrometer and 100-200 
partic l e s a re meas ured. A modification found s uc cessf ul was to use 
a pro j e ction micros cope; measurement bein~ made on the g l ass 
lumine sce nt scope which had been c a libra ted against a stage micrometer. 
Th i s technique greatly eased the t ed ium of particle s ize measureme nt. 
I n the measurement of s pray dried cof fee particles it was 
found that suspens io n in oil and cov e ring of a s lide with a cover slip 
caused fragmentat ion of par ticles . This wo uld lead to erroneous 
res ults for measurement of particle size. In thi s c as e meas urement 
was made by sprinkling a small s a mple of powder onto a slide and 
measuring particles before too much moisture sorption had occurred . 
The expression and calculation of results is best 
illustrated by reference to Figure 4, showing typical results for 
several powders . The results of microscopic measurement are 
grouped into the various size ranges observed . The percentage of 
particles falling into each size range are then expressed on a 
17. 
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cumulative basis with increasing size of particles . This allows 
plotting of results as shown in Figure 4, on log/p roba bility paper . 
All s a mp les examined approximated closely a straight line 
relationship on such a log/ probability plot. Und e r such conditions 
the follo wing p opulation cha racteristics can be defined : 
1 . Geome tric mean particle size (bas e d on numbers) 
is represented by the inte r polation of size at 50% cumulat ive; 
2 . Geometric Standard Deviation 
(B ased on numbers) 
= 
Size at 85% Cumula tive 
Size at 50% Cumula tive 
This method of p res enta tion and c a lcula tion of p opula tion 
charact e ri s tics i s described by Zenz and Othme r (1960). 
(vii) Photomicrographs 
Pho to mic rog r aphs were obtaine d by use of a Leitz 
Photomicrog r aph Unit. Samples were moun t ed o n a microsc ope sli d e 
as des cribed in Particle Size Analysis . 
(viii) Det e rmina tion of Crystalline Lactos e 
The state of lactose in a powder can be r eadily determined 
by means of polarised light microsc o py as described by King (1948) . 
Upon total extinction of light, using a polariser attachment , lactose 
crystals are readily identified as they reflect light . 
